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(57) ABSTRACT

An embodiment relates to a JFET with a channel region and
a gate region forming a pn junction. Between a source region
and a drain region in a semiconductor portion, the pn junction
extends along a vertical direction perpendicular to a first
surface of the semiconductor portion. The source, channel
and drain regions have a first conductivity type and are
arranged along the vertical direction. The gate region and a
shielding region between the gate and drain regions have a
second, complementary conductivity type. An auxiliary
region separates the gate and shielding regions in the semi-
conductor portion.
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1
JUNCTION FIELD EFFECT TRANSISTOR
WITH VERTICAL PN JUNCTION

BACKGROUND

In JFETs (junction field effect transistors) the extension of
a depletion region of a reverse-biased pn-junction modulates
the cross-sectional area of a channel region through which a
load current controlled by the JFET passes. Since minority
charge carrier storage effects influence the operation of
JFETs only to a low degree, JFETs can be used in high speed
applications. It is desirable to provide JFETs with improved
device characteristics.

SUMMARY

An embodiment relates to a JFET including a channel
region and a gate region forming a pn junction between the
channel and gate regions. The pn junction extends in a semi-
conductor portion between a source region and a drain region
along a vertical direction perpendicular to a first surface of the
semiconductor portion. The source, channel and drain
regions have a first conductivity type and are arranged along
the vertical direction. The gate region and a shielding region
between the gate and drain regions have a second, comple-
mentary conductivity type. An auxiliary region separates the
gate and shielding regions.

Those skilled in the art will recognize additional features
and advantages upon reading the following detailed descrip-
tion and on viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention and are incorporated in
and constitute a part of this specification. The drawings illus-
trate the embodiments of the present invention and together
with the description serve to explain principles of the inven-
tion. Other embodiments of the invention and intended
advantages will be readily appreciated as they become better
understood by reference to the following detailed description.

FIG. 1A is a schematic cross-sectional view of a portion of
a JFET according to an embodiment providing a shielding
region electrically connected to a source region.

FIG. 1B is a schematic diagram illustrating the local impact
ionization rate in the semiconductor portion of FIG. 1A at the
breakdown voltage.

FIG. 1C is a schematic diagram illustrating output charac-
teristics of the JFET of FIG. 1A.

FIG. 2A is a schematic cross-sectional view of a portion of
a JFET with a plurality of transistor cells according to an
embodiment comprising cell pairs with mirror-inverted tran-
sistor cells.

FIG. 2B is a schematic cross-sectional view of a portion of
a JFET with a plurality of transistor cells according to an
embodiment providing a side-by-side arrangement of the
transistor cells.

FIG. 3 A is schematic cross-sectional view of a portion of a
JFET in accordance with an embodiment providing a shield-
ing region electrically connected to a shielding terminal.

FIG. 3B is a diagram schematically illustrating transfer
characteristics of the JFET of FIG. 3 A at different shielding
voltages.

FIG. 3C is a diagram schematically illustrating output
characteristics of the JFET of FIG. 3 A at different shielding
and gate voltages.
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FIG. 3D is a schematic circuit diagram of an electronic
circuit in accordance with a further embodiment.

FIG. 4 is a schematic cross-sectional view of a portion of a
JFET in accordance with an embodiment providing an aux-
iliary channel.

FIG. 5A is a schematic cross-sectional view of a portion of
aJFET in accordance with an embodiment providing a shield-
ing electrode connected to a lateral shielding region.

FIG. 5B is a schematic cross-sectional view of a portion of
a JFET in accordance with an embodiment providing an
auxiliary electrode connected to a lateral auxiliary region.

FIG. 5C is a schematic cross-sectional view of a portion of
a JFET in accordance with an embodiment providing a
recessed gate region.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof, and in
which are shown by way of illustrations specific embodi-
ments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and struc-
tural or logical changes may be made without departing from
the scope of the present invention. For example, features
illustrated or described for one embodiment can be used on or
in conjunction with other embodiments to yield yet a further
embodiment. It is intended that the present invention includes
such modifications and variations. The examples are
described using specific language which should not be con-
strued as limiting the scope of the appending claims. The
drawings are not scaled and are for illustrative purposes only.
For clarity, the same elements have been designated by cor-
responding references in the different drawings if not stated
otherwise.

The terms “having”, “containing”, “including”, “compris-
ing” and the like are open and the terms indicate the presence
of stated structures, elements or features but not preclude
additional elements or features. The articles “a”, “an” and
“the” are intended to include the plural as well as the singular,
unless the context clearly indicates otherwise.

The term “electrically connected” describes a permanent
low-ohmic connection between electrically connected ele-
ments, for example a direct contact between the concerned
elements or a low-ohmic connection via a metal and/or highly
doped semiconductor. The term “electrically coupled”
includes that one or more intervening element(s) adapted for
signal transmission may be provided between the electrically
coupled elements, for example elements that are controllable
to temporarily provide a low-ohmic connection in a first state
and a high-ohmic electric decoupling in a second state.

The Figures illustrate relative doping concentrations by
indicating “~” or “+” next to the doping type “n” or “p”. For
example, “n~” means a doping concentration that is lower
than the doping concentration of an “n”-doping region while
an “n~"’-doping region has a higher doping concentration than
an “n”-doping region. Doping regions of the same relative
doping concentration do not necessarily have the same abso-
Iute doping concentration. For example, two different “n”-
doping regions may have the same or different absolute dop-
ing concentrations.

FIGS. 1A to 1C refer to a JFET 500 including a semicon-
ductor portion 100 which is based on a single-crystalline
semiconductor material, like silicon carbide SiC, for example
6H—SiC (SiC of the 6H poly type), 15R—SiC, 4H—SiC or
3C—SiC, silicon Si, germanium Ge, or a silicon germanium
crystal SiGe, by way of example. The semiconductor portion
100 has a first surface 101, which may be planar or which may
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include surface sections in parallel planes, and a planar sec-
ond surface 102 parallel to the first surface 101 or the surface
sections. A normal to the first surface 101 or the parallel
surface sections defines a vertical direction and directions
orthogonal to the vertical direction are lateral directions.

In the semiconductor portion 100 a heavily doped source
region 110 may directly adjoin the first surface 101. A source
electrode 310 electrically connected to a source terminal S of
the JFET 500 may directly adjoin the source region 110.

A drain region 130 having the same impurity type as the
source region 110 may be formed in the semiconductor por-
tion 100 on a side opposite to the first surface 101. The drain
region 130 may directly adjoin the second surface 102. A
drain electrode 330 electrically connected to a drain terminal
D of the JFET 500 may directly adjoin the drain region 130.

Along a vertical axis through the source and drain regions
110, 130 a channel region 115 directly adjoins the source
region 110. The channel region 115 has the same conductivity
type as the source and drain regions 110, 130. A mean net
dopant concentration in the source and drain regions 110, 130
is at least ten times the mean net dopant concentration in the
channel region 115.

A heavily doped gate region 150 extends from the first
surface 101 into the semiconductor portion 100. The gate
region 150 has a conductivity type opposite to that of the
channel region 115. The channel and gate regions 115, 150
form a pn junction that extends between the source and drain
regions 110, 130 along the vertical direction or approximately
along the vertical direction. The term “vertical pn junction”
includes pn junctions tilted to the vertical direction by at most
+/-45 degree. A gate electrode 350 electrically connected or
coupled to a gate terminal G of the JFET 500 or to an output
of'a gate driver circuit integrated in the JFET 500 may directly
adjoin the gate region 150.

A voltage applied to the gate region 150 modulates the
lateral extension of a depletion zone formed along the pn
junction between the gate and channel regions 150, 115. At a
certain gate voltage, the depletion zone covers the complete
lateral cross-sectional area of the channel region 115 thereby
suppressing a current flow between the source and drain
regions 110, 130. The JFET 500 may be a normally-oft type
JFET with no current flow between the source and drain
regions 110, 130 when no voltage is applied to the gate region,
or a normally-on type JFET.

A main portion of a weakly doped drift layer 120 of the
conductivity type of the source and drain regions 110, 130
may form an nn+ or pp+ homojunction with the drain region
130, wherein the homojunction extends parallel to the second
surface 102. An ancillary portion of the drift layer 120 may be
arranged along the vertical axis through the source, channel
and drain regions 110, 115, 130.

A shielding region 140 with the conductivity type of the
gate region 150 is between the gate and drain regions 150,
130. The shielding region 140 includes a lateral portion 140a
extending parallel to the second surface 102. Vertical projec-
tions of the lateral portion 140q of the shielding region 140
and the gate region 150 may overlap by at least 50%. Accord-
ing to an embodiment, the lateral cross-sectional area of the
shielding region 140 is equal to or greater than the lateral
cross-sectional area of the gate region 150. The shielding
region 140 may encompass the complete vertical projection
of the gate region 150 into the plane of the shielding region
140.

The shielding region 140 leaves an opening in the vertical
projection of the source region 110. The vertical projections
of center points or center axes of the opening in the shielding
region 140 and the source region 110 may coincide. A lateral
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cross-sectional area of the opening may be narrower, wider or
may have the same size as the lateral cross-sectional area of
the source region 110.

The shielding region 140 may or may not have a vertical
portion 1405 directly adjoining the lateral portion 140a and
the first surface 101. A shielding electrode 340 may directly
adjoin the shielding region 140. The shielding electrode 340
may be electrically connected or coupled to the source elec-
trode 310, the gate electrode 350, or a shielding terminal Sh of
the JFET 500.

An auxiliary region 112, which may be provided from
semiconducting material of the conductivity type of the chan-
nel region 115, separates the gate and shielding regions 150,
140 from each other in the semiconductor portion 100. The
auxiliary region 112 may include a lateral portion 112a
extending in substance parallel to the second surface 102
between the gate region 150 and the lateral portion 140a of
the shielding region 140. The auxiliary region 112 may
include a vertical portion 1125 extending along the vertical
direction and separating the gate region 150 and the vertical
portion 1405 of the shielding region 140. The vertical portion
1125 may directly adjoin the first surface 101.

The JFET 500 may include a plurality of the channel, gate,
drain, source, shielding and auxiliary regions 115, 150, 110,
140, 112 forming more or less identical transistor cells.
According to an embodiment, the lateral cross-sectional areas
of the source, channel, and shielding regions 110, 115, 140
are stripes and the cells are regularly arranged along one of
the lateral directions. For linear applications with less steep
voltage or current signals the shielding regions 140 may be
electrically connected exclusively at the ends of the stripes.

According to other embodiments, the lateral cross-sec-
tional areas of the source and channel regions 110, 115 may
be circles, ovals, ellipses or rectangles, e.g. squares with or
without rounded corners, and the transistor cells are arranged
in a regular matrix with the shielding regions 140 having a
cross-shaped lateral cross-sectional area and being electri-
cally connected at the respective center point, by way of
example.

Each of the source, drain, gate, shielding and auxiliary
terminals 310, 330, 350, 340, 312 may be provided from one
or more conductive materials, for example a metal, a metal
alloy or a metal compound such as molybdenum Mo, NiAl,
TiAl, W, Ti, Al, C, AlSi, AlSiCu, or AlCu.

Compared to quasi-vertical JFETs with channel regions
having a lateral component, the JFET 500 of FIG. 1A pro-
vides ahigher channel density, an increased total channel area
for the on-state current Rds(on)xA and a better area effi-
ciency. Other than quasi-vertical JFETs where the blocking
capability depends on the length of the lateral portion of the
channel region, the blocking capability of the JFET 500 does
not depend on lateral dimensions and therefore does not
impose same strict restrictions as regards a migration to
smaller lateral dimensions and higher channel densities.

Other than conventional true vertical JFETs the pn junction
between the shielding and drift regions 140, 120 provides an
integrated body diode D1 which may be effective between the
source and drain terminals S, D, e.g. if the shielding electrode
340 is electrically connected to the source electrode 310.

Applying a suitable potential to the shielding region 140
shields the pn junction between the channel and gate regions
115, 150 against the electric field between the source and
drain regions 110, 130. As a result, the drain potential influ-
ences the on-state characteristics of the JFET 500 only to a
low degree compared with conventional true vertical JFETs.

The shielding and gate regions 140, 150 may be formed by
counter-implants into one single, in-situ doped epitaxial layer
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such that less device parameters depend on a growth rate of an
epitaxial layer which in some materials like silicon carbide is
difficult to control precisely. The mean net impurity concen-
tration may be locally increased in the channel and auxiliary
regions 112, 115.

In the illustrated embodiment, the conductivity type of the
source, auxiliary, channel, drift, and drain regions 110, 112,
115, 120, 130 is the n type and the conductivity type of the
gate and shielding regions 150, 140 is the p type. Equivalent
considerations apply to embodiments providing source, aux-
iliary, channel, drift, and drain regions 110, 112, 115, 120,
130 from p type semiconductor material and the gate and
shielding regions 150, 140 from n type semiconductor mate-
rial.

It can be shown that in the blocking mode the shielding
region 140 effectively bars the electric field from entering the
channel region 112 provided that a buried edge of the shield-
ing region 140 oriented to the second surface 102 has a
sufficient distance to the buried edge of the gate region 150
along the vertical direction. For example, the distance
between the buried edge of the shielding region 140 and the
gate region 150 may be at least twice the lateral width of the
channel region 112 to concentrate, in the blocking mode, the
electric field in substance between the drain region 130 and a
plane spanned by the buried edge of the shielding region 140.

The following diagrams refer to an embodiment with the
shielding region 140 electrically connected to the source elec-
trode 310.

The diagram in FIG. 1B shows that in case of an avalanche
breakdown the impact ionization rate, which is proportional
to the avalanche generation rate, has a maximum close to the
planar pn junction forming the body diode D1 between the
shielding and drift regions 140, 120 thereby ensuring a non-
critical avalanche behavior and high avalanche ruggedness.

In FIG. 1C a first line 412 gives the current density I,/A as
a function of the drain-to-source voltage V ¢ for a gate volt-
ageV ;~2V, asecond line 414 gives I /A as afunction of V ¢
at' V=0V and a third line 416 for V ;—-3V. At sufficiently
negative gate voltages V 5, the current density I,,/A does not
significantly change for V,,>10V.

In FIG. 2A, the JFET 500 includes a plurality of transistor
cells TC, wherein two adjacent transistor cells TC are
arranged mirror-inverted with respect to a central vertical axis
CVA through shared source and channel regions 110, 115.

Each single transistor cell TC includes p type gate and
shielding regions 150, 140 as well as an n type auxiliary
region 112 separating the gate and shielding regions 150, 140
in the semiconductor portion 100. Two neighboring transistor
cells TC may share a common n type source region 110, a
common channel region 115, and a common source electrode
310, wherein the two neighboring transistor cells TC are
arranged mirror-inverted with respect to the central vertical
axis CVA in the center of the source and channel regions 110,
115. Pairs of transistor cells TC sharing the same source and
channel regions 110, 115, respectively, may be replicated
along the lateral direction to form a regular pattern of equi-
distant transistor cells TC. Two neighboring pairs of transistor
cells TC may share a common vertical portion 1405 of the
shielding region 140 and/or a common shielding electrode
340.

FIG. 2B refers to a JFET 500 with a plurality of identical or
approximately identical transistor cells TC arranged side-by-
side at the same lateral orientation. The source and channel
regions 110, 112 of a first transistor cell TC may directly
adjoin a vertical portion 1405 of a shielding region 140 of a
neighboring second transistor cell TC such that the shielding
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region 140 of the second transistor cell TC forms an in sub-
stance vertical pn junction with the channel region 115 of the
first transistor cell TC.

The JFET 500 of FIG. 3A includes a shielding terminal Sh
or a shielding terminal pad electrically connected to the
shielding region 140 and electrically separated from the
source, gate and drain terminals S, G, D. The additional
terminal allows applying a potential to the shielding region
140, which is independent from the potential of the source,
gate and drain electrodes S, G, D. In an application environ-
ment, for example on a circuit board, the shielding terminal
Sh may be electrically connected to a network node having a
fixed potential or to a network node whose potential can be
altered during operation in dependence of an operation con-
dition or an operation mode.

The diagram in FIG. 3B shows transfer characteristics 431,
432, 433, 434, 435 giving the current density [,,/A as a func-
tion of V5c at V=1V for shielding voltages V5, =+2V, +1V,
0V, -1V and -2V. The dependency of the current density I ,,/A
on the shielding voltage Vg, is approximately linear for a
certain range of Vi, Voo and V.

FIG. 3C shows the current density I,,/A as a function of
V s for three different V ;¢ at two different shielding voltages
Vs respectively. Output characteristics 441, 442 refer to a
V s=0V, wherein output characteristic 441 refers to V=
2V and 442 to Vi, =+2V. Output characteristic 451 refers to
V=3V and V,=-2V. Output characteristic 452 refers to
V=3V and V,=+2V. Output characteristics 461 and 462
refer to a V 5 0f +2V, with output characteristic 461 referring
to V;,=—2V and output characteristics 462 to V., =+2V.

Electrically coupling the shielding terminal Sh to an inte-
grated or external gate driver circuit allows the JFET 500 to
implement a dual-gate functionality in linear amplifiers, for
example in high-end audio amplifiers. On the other hand,
pinning internally or externally the shielding terminal Sh to
the potential of the source terminal S allows for using the
same JFET 500 in typical switching applications as well.

FIG. 3D shows an electronic circuit 900 including a control
circuit 510 with an output terminal OUT1 electrically con-
nected to a shielding terminal Sh of a JFET 500. The control
circuit 510 may vary a voltage applied to the shielding termi-
nal Sh in response to a signal applied at a control terminal
CTR and/or in response to a change of an internal state of the
control circuit 510. A gate terminal G of the JFET 500 may be
electrically coupled to a further output terminal OUT?2 of'the
control circuit 510 or to a further gate driver circuit, by way of
example.

According to an embodiment, the control circuit 510 may
alter the voltage applied to the shielding terminal Sh between
the voltage provided to one of the load terminals, e.g. the
source terminal S, and the voltage provided to the gate termi-
nal G of the JFET 500. For example, at the beginning of a
switching cycle the control circuit 510 may apply the poten-
tial applied to the gate terminal G to the shielding terminal Sh
to improve the gate characteristics and may apply the voltage
applied to the source terminal S to the shielding terminal Sh in
a later phase of the switching cycle to shield the channel
against the drain potential.

The JFET 500 in FIG. 4 in substance corresponds to the
JFET 500 in FIG. 1A and further includes an auxiliary elec-
trode 312 directly adjoining the auxiliary region 112. The
auxiliary region 112 may include a heavily doped surface
region 112¢ directly adjoining the auxiliary electrode 312 and
the vertical portion 1125 or the lateral portion 112a of the
auxiliary region 112.

The auxiliary electrode 312 may or may not be electrically
connected or coupled to the source electrode 310, to an aux-
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iliary terminal or to an electronic element integrated in the
JFET 500. The auxiliary electrode 312 allows the auxiliary
region 112 to be effective as a controllable ancillary channel
region in addition to the main channel region 115. The effec-
tive channel region can be further increased.

The ancillary channel may be controlled by the gate region
150 exclusively. Dimensions and impurity concentrations in
the auxiliary region 112 may be tuned such that the main and
ancillary channels are pinched off at the same gate voltage.
For example, the width of the auxiliary region 112 is about
half of the width of the channel region 115, or the auxiliary
and channel regions 112, 115 have approximately the same
width and the mean net impurity concentrations are selected
in a suitable manner. For single-gated channel regions 115 as
depicted in FIG. 2B a first width of the source region 110 and
a second width w2 of the vertical portion 1125 of the auxiliary
region 112 may be approximately equal provided that the
impurity concentrations in the channel and auxiliary regions
115, 112 are approximately equal. For double-gated channel
regions 115 as shown in FIG. 2A the first width w1 may be
greater than the second width w2 at equal impurity concen-
trations in the channel and auxiliary regions 115, 112.

In case the shielding region 140 is electrically connected to
the gate terminal G, the first and second widths w1, w2 may
be approximately equal for both the approach of FIG. 2A and
the approach of FIG. 2B.

Other embodiments may adjust the net impurity concen-
tration in at least a portion of the auxiliary region 112 to
provide similar pinch-off voltages for the channel and auxil-
iary regions 115, 112. Further embodiments provide different
pinch-off voltages for the main and ancillary channels.
Embodiments providing an ancillary channel may be com-
bined with a controllable shielding region 140.

FIG. 5A refers to an embodiment with the source, channel
and gate regions 110, 115, 150 formed in protruding portions
of'the semiconductor portion 100. Sections of the first surface
101 in the protruding portions are plane-parallel with sections
of'the first surface 101 in recessed portions. Instead of vertical
portions of the shielding and auxiliary regions 140, 112 the
first surface 101 is at the bottom of a recess and may expose
a surface section of the lateral portion 140a of the shielding
region 140. A sidewall of the recess 391 exposes the auxiliary
region 112.

The JFET 500 of FIG. 5B refers to an embodiment with a
two-step recess 392 extending from the top surface plane of
the protruding portions into the semiconductor portion 100.
Other than in FIG. 5A a lateral surface of the auxiliary region
112 is exposed in addition to a lateral surface of the shielding
region 140. An auxiliary electrode 312 may directly adjoin a
heavily doped surface portion 112¢ of the auxiliary region
112. The source, channel and gate regions 110, 115, 150 are
formed in a protruding portion of the semiconductor portion
100.

FIG. 5C refers to an embodiment with another two-step
recess 393 extending from the top surface plane of the pro-
truding portions into the semiconductor portion 100. The
source and channel regions 110, 115 are formed in the pro-
truding portions of the semiconductor portion 100. A planar
top surface of the gate region 150 is exposed in the recess 393.
The top surface of the gate region 150 oriented to the first
surface 101 may be spaced from a buried edge of the source
region 110.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the scope
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of'the present invention. This application is intended to cover
any adaptations or variations of the specific embodiments
discussed herein. Therefore, it is intended that this invention
be limited only by the claims and the equivalents thereof.

What is claimed is:

1. A junction field effect transistor, comprising:

a channel region and a gate region forming a pn junction
extending in a semiconductor portion between a source
region and a drain region along a vertical direction per-
pendicular to a first surface of the semiconductor por-
tion, wherein the source, channel and drain regions have
afirst conductivity type and are arranged along a vertical
axis parallel to the vertical direction;

a shielding region between the gate and drain regions, the
shielding and gate regions having a second, complemen-
tary conductivity type; and

an auxiliary region separating the gate and shielding
regions.

2. The junction field effect transistor according to claim 1,

further comprising:

a source electrode electrically connected to the source
region and electrically separated from the gate region.

3. The junction field effect transistor according to claim 2,

wherein

the source electrode is electrically connected to the auxil-
iary region.

4. The junction field effect transistor according to claim 2,

wherein

the source electrode is electrically connected to the auxil-
iary and shielding regions.

5. The junction field effect transistor according to claim 1,

wherein

the auxiliary region is provided from a semiconductor
material having the first conductivity type.

6. The junction field effect transistor according to claim 1,

further comprising:

a drift region separating the channel and drain regions
along the vertical direction, wherein a net impurity con-
centration in the drain region exceeds at least ten times a
mean net impurity concentration in the drift region.

7. The junction field effect transistor according to claim 1,

wherein

the channel region directly adjoins the source region.

8. The junction field effect transistor according to claim 1,

wherein

the shielding region comprises a lateral portion extending
parallel to the first surface and a vertical portion directly
adjoining the first portion and extending in the vertical
direction.

9. The junction field effect transistor according to claim 8,

further comprising:

a shielding electrode directly adjoining the lateral portion
of the shielding region.

10. The junction field effect transistor according to claim 1,

wherein

the auxiliary region comprises a lateral portion extending
parallel to the first surface and a vertical portion directly
adjoining the first portion and extending in the vertical
direction.

11. The junction field effect transistor according to claim 1,

further comprising:

a further gate region, a further auxiliary region and a further
shielding region arranged mirror-inverted to the gate,
auxiliary, and shielding regions with respect to a central
vertical axis of the source and channel regions to form a
pair of transistor cells.
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12. The junction field effect transistor according to claim
11, wherein

aplurality of pairs of the transistor cells are arranged along

a lateral direction parallel to the first surface and the
shielding regions of adjacent pairs of transistor cells
directly adjoin each other.

13. The junction field effect transistor according to claim 1,
wherein

the source, channel, gate, auxiliary, and shielding regions

form atransistor cell and a plurality of transistor cells are
arranged along a lateral direction parallel to the first
surface, and

the source and channel regions of one of the transistor cells

directly adjoin the shielding region of an adjacent one of
the transistor cells, respectively.

14. The junction field effect transistor according to claim 1,
wherein the source and shielding regions are electrically con-
nected.

15. The junction field effect transistor according to claim 1,
wherein

the semiconductor portion is provided from silicon car-

bide.

16. The junction field effect transistor according to claim 1,
further comprising:

a shielding terminal electrically coupled to the shielding

region and electrically separated from the gate region.
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17. An electronic circuit, comprising:

a junction field effect transistor according to claim 16; and

a control circuit including an output terminal electrically
connected or coupled to the shielding terminal of the
junction field effect transistor.

18. The electronic circuit according to claim 17, wherein

the control circuit is configured to temporarily output a first
voltage corresponding to a voltage at a load terminal of
the junction field effect transistor and to temporarily
output a second, different voltage in response to a signal
applied to an input terminal of the control circuit or in
response to an internal state of the control circuit.

19. The junction field effect transistor according to claim 1,

further comprising:

a plurality of each of the channel, gate, drain, source,
shielding and auxiliary regions, wherein the source
regions are arranged in a matrix and the shielding
regions have a cross-shaped lateral cross-sectional area
parallel to the first surface.

20. The junction field effect transistor according to claim 1,

further comprising:

a plurality of each of the channel, gate, drain, source,
shielding and auxiliary regions, wherein the source
regions have a stripe-shaped lateral cross-sectional area
parallel to the first surface.
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